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DEVICE FOR TREATING A WEB MATERIAL IN A PLASMA ENHANCED 

PROCESS 



BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The invention relates to a device according to the g e n e ric part of the f i st 
ind e p e nd e nt c l a i m. Th e d e v i c e s e rv e s for treating a web surface in a plasma 
enhanced process, it serves in particular for coating one surface of a web of a 
flexible material in a plasma enhanced chemical vapour deposition process, e.g. 
coating a web of polymer film or sheet material with silicon oxide in order to improve 
its barrier properties. 



DESCRIPTION OF RELATED ART 



[0002] A device of the named kind is e.g. described in the publication EP- 
0605534 (or US-5224441, BOC). The device comprises a powered electrode in the 
form of a rotating drum and a grounded shield shaped like about half a hollow 
cylinder and arranged to form together with the drum a space having a width of 
between 1 and 30 cm. On the side of the shield facing away from the drum a plurality 
of permanent magnets is arranged such that alternating magnetic poles face towards 
the drum. For supplying a process gas or process gas mixture to the gap between 
the drum and the shield, the device comprises a gas supply line extending parallel to 
the drum axis in a central part of the shield. The drum, the shield with the magnetic 
means and the gas supply line are arranged within a vacuum chamber comprising 
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means for removing the supplied process gas from the chamber in order to maintain 
a constant reduced pressure within the chamber. 

[0003] The web of flexible material is conveyed through the space between the 
drum and the shield being supported and transported by the drum, i.e. lying on the 
circumferential surface of the drum, while a plasma is maintained in this space by 
powering the drum with a high frequency alternating voltage and by supplying a 
process gas mixture to the plasma. The plasma enhanced process described in the 
named publication is a plasma enhanced chemical vapour deposition of silicon oxide 
on a polymer film using a process gas mixture comprising an organosilicon 
compound, oxygen and an inert gas. 

[0004] Another device for treating a web of flexible material in a plasma enhanced 
process is described in the publication US-4968918 (Kondo et al.). The device 
comprises a plurality of stationary antenna electrodes extending radially from a 
central power introducing member and being arranged in a substantially cylindrical 
vacuum chamber. A grounded counter electrode is arranged between each two 
neighbouring antenna electrodes. Gas feed lines extend axially e.g. along the outer 
rim of the grounded electrodes. The web of flexible material is guided in a sort of zig- 
zag-path between the antenna electrodes and grounded electrodes either supported 
by the antenna electrodes or by the grounded electrodes. The process being carried 
out with the described device is an etching process using oxygen as a process gas, 
a plasma polymerisation, a chemical vapour deposition or the like. 



SUMMARY OF THE INVENTION 
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[0005] It is the object of the invention to create a device for treating a web 
material in a plasma enhanced process which device is able to be operated more 
efficiently and more reliably than known devices for carrying out similar processes. 
Furthermore, the device is to be of a simple design allowing simple operation and 
simple maintenance. 

Th i s obj e ct i s ach ie v e d by th e d e v i c e as d e f i n e d i n th e pat e nt c l a i ms. 
[0006] The device according to the invention comprises within a vacuum chamber 
a rotating drum (or equivalent means) equipped for supporting and transporting the 
web material lying against part of its circumferential surface and further equipped to 
function as one of the pair of electrodes between which the plasma is to be confined. 
The device further comprises within the vacuum chamber a plurality of further 
electrodes being equipped for a magnetron function, i.e. devices comprising means 
for establishing an alternating electric field suitable for maintaining a plasma and 
means for establishing a magnetic field suitable for confining electrically charged 
particles at least partly in the plasma, in particular the electrons. The magnetron 
electrodes are arranged to form together with the drum a space along part of the 
circumferential surface of the drum through which space the web is transported lying 
on the circumferential surface of the drum. 

[0007] The magnetron electrodes have rectangular magnetron faces being 
spaced from the drum circumferential surface, their length extending parallel to the 
drum axis and their width extending substantially tangentially to the drum. The 
magnetron electrodes are arranged side by side such forming together with the 
circumferential surface of the drum the above named space which substantially has 
the form of a part of a hollow cylinder, the plasma being sustained in this space. 
Each one of the plurality of magnetron electrodes is powered by its own power 
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supply. The drum electrode is electrically grounded, electrically floating or negatively 
biased. 

[0008] Gas supply lines run parallel to the drum axis either between neighbouring 
magnetron faces or within the magnetron faces. The vacuum chamber further 
comprises means for pumping gas from the chamber in order to maintain a constant 
reduced pressure. 

[0009] It is no condition for the inventive device that the web is supported and 
transported by a rotating drum. The drum function (support and transport means for 
the web and counter electrode to the magnetron electrodes) may also be taken over 
e.g. by a circulating belt faced in that case by a straight line of magnetron faces. 
[0010] Experiments show that plasma enhanced chemical vapour deposition on a 
web is more efficient and more reliable when using the device according to the 
invention than is the case when using one of the known devices. The coatings 
produced using the device according to the invention show less quality variations. 
This is believed to be due to the fact that the plasma created with the aid of the 
plurality of independent magnetron electrodes being arranged close together is of a 
more homogeneous character than a similar plasma created between only two 
correspondingly larger electrode faces. E.g. in the device according to the above 
named publication EP-0605534 a plasma intensity increasing from the web entrance 
area to the web exit area is clearly visible. Corresponding experiments show that 
going along the path of the web through this plasma showing a strong intensity 
gradient, 10% of the coating is achieved in the first third of the path, 20% in the 
middle third and 70% in the last third ending at the web exit. In opposition to this, 
operation with a plurality of individually powered magnetron electrodes, the plasma 



Page 4 of 10 



Marked-up Copy of Substitute Specification 
Serial No. 10/529533 
" Filed March 29, 2005 

Attorney Docket No. FRR-16006 
Customer No. 40854 
Page 5 of 1 0 

along the web path has a homogeneous appearance and the deposition rate is 
substantially the same along the whole path. 

[0011] Experiments also show that plasma enhanced chemical vapour deposition 
using a device according to the invention comprising individually powered magnetron 
electrodes facing the surface to be coated results in considerably less coating of 
these electrodes than is found on the grounded shield of the device according to the 
publication EP- 0605534. This does not only mean higher coating efficiency on the 
film substrate but it also means that the inventive device needs less maintenance in 
the form of electrode cleaning, i.e. longer uninterrupted operation and/or less time 
necessary for such maintenance. Furthermore, cleaning and maintenance is kept 
simple if each magnetron which is not of a great weight is mounted slideably along 
an axial rail such that it can be easily extracted from and repositioned in its position 
facing the drum. 

[0012] Furthermore, it is possible to operate the device according to the invention 
producing the same quality of coating with one or even more than one of the 
magnetron electrodes being out of operation if for achieving the same exposure time 
the rotation speed of the drum is reduced accordingly. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0013] Exemplified embodiments of the device according to the invention are 
described in connection with the following drawings, wherein: 
[0014] Fig. 1 is a schematic section perpendicular to the drum axis of an 
exemplified embodiment of the device according to the invention; 
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[0015] Figs. 2 and 3 show two exemplified embodiments of the arrangement of 



the magnetron electrodes in a device according to the invention; 



[0016] Figs. 4 and 5 show the face and a section perpendicular to the face of an 



exemplified embodiment of a magnetron electrode applicable in the device according 



to the invention; 



[0017] Figs. 6 and 7 show faces of two further exemplified embodiments of 



magnetron electrodes applicable in the device according to the invention. 



DETAILED DESCRIPTION OF THE INVENTION 



[0018] Figure 1 shows in a very schematic manner the principal parts of the 
device according to the invention. These principal parts are: a vacuum chamber 1 
with means 2 for removing gas in order to maintain a constant reduced pressure 
within the chamber 1, a rotating drum 3 arranged in the vacuum chamber 1 and 
serving for supporting and transporting the web 4 to be treated, two rolls 5 for 
supplying and receiving the web 4, the rolls 5 preferably being arranged also in the 
vacuum chamber, a plurality of magnetron electrodes 6 facing the circumferential 
surface of the drum 3 and being powered each by a separate power supply 7 (being 
connected to phase of the power supply 7), and gas supply lines 8 arranged 
substantially parallel to the drum axis and being connected to an e.g. common gas 
supply means 9 serving for supplying the process gas or process gas mixture. 
[0019] The plasma is confined within the space 10 between the faces of the 
magnetron electrodes 6 and the drum circumferential surface. 
[0020] Figures 2 and 3 show two exemplified embodiments of arrangements of 
the magnetron electrodes 6 of the device according to the invention. The magnetron 
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electrodes 6 are arranged around part of the drum circumferential surface and each 
one is powered by a separate power supply 7. The magnetron faces are rectangular, 
their length extending in axial direction of the drum and their width extending 
substantially tangentially. The width of each magnetron face is e.g. 15 cm, its length 
at least as large as the width of the web to be treated. 

[0021] According to Fig. 2, the gas supply lines 8 (e.g. gas tubes comprising each 
a line of gas supply apertures) are arranged between each two magnetron faces and 
the gas is removed mainly along the length of the outermost magnetron faces in 
tangential direction and in axial direction. It is possible also to leave e.g. every 
second gap between two neighbouring magnetron faces without a gas supply line 
such that the gas is removed through these gaps also. The magnetrons 6 are e.g. of 
the kind as shown in the following Figs. 4 and 5 and as described in connection with 
these figures. 

[0022] According to Fig. 3, the magnetron electrodes are equipped with gas 
supply lines themselves, the gas supply lines running e.g. centrally along the length 
of the magnetron face. The gas is removed between neighbouring magnetron faces 
and in axial direction. As shown in Fig. 3 it is possible to further confine the plasma 
and the process gas to the space between each one of the magnetron electrodes 
and the drum by wall members 20 extending along the length of each magnetron 
face and closing the space between magnetron face and drum such that there is 
only a narrow slot between lateral wall member 20 and drum for the web to pass 
through unhindered. The process gas is removed mainly axially and partly through 
the named narrow lateral slots. The magnetron electrodes 6 are e.g. of the kind as 
illustrated in the following Figs. 6 or 7 and as described in connection with these 
figures. 
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[0023] The arrangement according to Fig. 3 is suitable either for carrying out one 
specific plasma enhanced treatment or, in particular when comprising the lateral wall 
members 20, a number of consecutive, differing plasma enhanced treatments using 
different process gas or process gas mixtures. Such consecutive processes are e.g. 
a preliminary cleaning or etching step, a following coating step and a final step for 
producing a coating surface having a desired wetability. 

[0024] Typical operating parameters of a device according to Figs. 2 or 3 are e.g.: 
power: ca. 10-20 kW per m 2 of magnetron face; frequency: 40 kHz or 13,56 MHz; 
total length of web path within the plasma: 0.5 to 1 m; web speed 0.5 to 20 m/s. For 
coating a web with silicon oxide for improving its barrier properties, the exposure 
time is in the range of a few seconds, the process gas mixture comprises an 
organosilicon compound and oxygen and the pressure is maintained in the region of 
a few Pa. 

[0025] Figures 4 and 5 show the face (Fig. 4) and a section perpendicular to the 
face (Fig. 5) of an exemplified embodiment of a magnetron electrode applicable in the 
device according to the invention in particular in a device as shown in Fig. 2. 
[0026] The magnetron face shows an arrangement of permanent magnetic poles 
comprising a central pole 30 and a peripheral pole 31 surrounding the central pole 
30 and having an opposite polarity. The magnetic poles are e.g. poles of bar shaped 
permanent magnets 32 carrying their poles on opposite longitudinal sides. The poles 
of the permanent magnets facing away from the magnetron face are connected by a 
magnetic connecting piece 33 e.g. made of soft iron. The magnetron face is covered 
by a not magnetic electrode piece 34, e.g. made of stainless steal, aluminium or 
copper. The electrode piece is connected to the power supply unit 7. 
Advantageously, the electrode piece 34 is equipped for being cooled, e.g. it 
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comprises channels 35 which are connected to a means for circulating a cooling 
medium through the channels. As also shown in Fig. 2, gas supply lines 8 are 
arranged along the longitudinal edges of the magnetron face. The gas supply lines 
are e.g. designed as tubes comprising rows of gas outlets or orifices arranged for 
gas injection substantially perpendicular to the magnetron faces (embodiment 8 as 
shown on the left hand side of the magnetron of Fig. 5) or substantially parallel to the 
magnetron faces (embodiment 8' as shown on the right hand side of the magnetron 
of Fig. 5). 

[0027] As discussed further above, the magnetron electrode 6 is preferably 
mounted in rails 36, such that it can easily be removed from its operating position for 
being cleaned or for being replaced. 

[0028] The central and peripheral magnetic poles 30 and 31 constituting the 
magnetron face are preferably dimensioned such that the central pole 30 and the 
peripheral pole 31 are of differing magnetic strength, i.e. such that the resulting 
magnetron is of the unbalanced type. This means that not all of the field lines extend 
from north to south pole of the magnetron face forming a tunnel 37 across the space 
between the poles and that therefore not all electrons are confined circling between 
the poles but are partly found outside the tunnels 37. A suitable magnetron effect for 
plasma enhanced chemical vapour deposition processes is e.g. achieved by using 
the above named bar magnets having the same strength for central and peripheral 
pole which results in a central magnetic strength which is substantially half of the 
peripheral magnetic strength. 

[0029] Experiments show that, in particular for coating processes, it is 
advantageous to arrange the surface to be coated such that it is positioned just 
outside the tunnels 37, preferably at a distance d from the magnetron face which is 
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between 2 and 20% larger than the height of the tunnel 37 above the magnetron 
face. The tunnel 37 is clearly visible as a darker area in the plasma space. The 
surface to be coated is to be arranged as close to the top of the tunnel but such that 
there is a visible band of bright plasma between the darker areas of the tunnel 37 
and the surface to be coated and such that this bright plasma band has a 
homogenous brightness along its edge facing the surface to be coated, i.e. a 
brightness which is the same above the tunnels and above the spaces between the 
tunnels. 

[0030] Figs- 6 and 7 show exemplified magnetron faces applicable e.g. in 
devices according to the invention as shown in Fig. 3. Both magnetron electrodes 6 
shown in Figs. 6 and 7 comprise integrated gas supply lines 8 running centrally 
through the magnetron faces in parallel to their length. Fig. 6 shows a simple 
magnetron face with the gas supply line running between two halves of the central 
magnetic pole, Fig. 7 shows a twin magnetron face with a round track between 
central and peripheral poles on both sides of the gas supply line 8. 
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